The aim of this work was to determine whether intrinsically bent DNA sites are present at, or close to, the mammalian replication origins oriGNAI3 and oriB in the Chinese hamster AMPD2 locus. Using an electrophoretic mobility shift assay and in silico analysis, we located four intrinsically bent DNA sites (b1 to b4) in a fragment that contains the oriGNAI3 and one site (b5) 
Replication origins oriGNAI3 and oriB of the mammalian AMPD2 locus nested in a region of straight DNA flanked by intrinsically bent DNA sites 
INTRODUCTION
Aside from its canonical double-helical structure, DNA is capable of forming conformational motifs such as hairpin, cruciform and curved structures (1). A curved DNA segment is formed by several main axis deflections of the double helix and is known as bent DNA. Bent DNA can be caused by flexibility at protein binding sites where the double helix warps when in contact with a binding partner (2, 3). A bent region may also be intrinsic, i.e., dependent on a nucleotide sequence comprising periodic repetitions of two or more adenine or thymine bases phased approximately every 10 base pairs (bp) or multiples of 10 bp (1, 4). The relationship between curved DNA segments and nuclear processes such as transcription, recombination and initiation at replication origins is an exciting research field. Our lab has been dedicated to mapping intrinsically bent DNA sites within genomic elements, e.g., promoters, replication origins, segments involved in recombination events and Scaffold/Matrix Attachment Regions, S/MARs (5-12). Now we are mapping these curved elements for the AMPD2 amplified locus where seven replication origins were recently confirmed and mapped using the molecular combing methodology (13-15). Two of these replication origins, oriGNAI3 and oriB, lie in well-studied segments and co-localize with previously described S/MARs (16). Our objective was to map intrinsically bent DNA sites on oriGNAI3 and oriB segments by in silico and electrophoretic mobility shift analyses as well as 2D projections of 3D fragment trajectories. The results showed that intrinsically bent DNA sites, exhibiting left-handed superhelical writhe, are present near these two origins of the AMPD2 locus.
RESULTS AND DISCUSSION

ENDS RATIO analysis of the amplified AMPD2 locus
A large region of the AMPD2 amplified locus (~65 kb), which contains oriGNAI3, oriC, oriB and oriA, was subjected to in silico analysis by using Map15 software to characterize the helical parameter for DNA curvature, ENDS ratio, Fig. 1 . Several ENDS ratio peaks were observed and distributed throughout the entire segment, including near the replication origins (Fig. 1, gray boxes) . However, in the regions of large replication initiation events (black boxes), no important peaks of ENDS ratio were observed. This scenario could indicate that intrinsically bent DNA sites only flank the replication origins. These sites could be responsible for building a 3D structure of these segments. To investigate this hypothesis, the helical parameters and electrophoretic mobility shift assay of oriGNAI3 and oriB were analyzed. http://bmbreports.org BMB reports Fig. 1 . ENDS ratio analysis of the Chinese hamster amplified AMPD2 polygenic locus. The transcription directions of the GNAI3, GNAT2 and AMPD2 genes are showed by arrows on top. The gray boxes indicate the localization of the replication origins oriGNAI3, oriC, oriB and oriA, and the black area is the region where a large number of replication events take place (13).
The oriGNAI3 and oriB segments contain intrinsically bent DNA sites of left-handed superhelical writhe
The 4.4 kb fragment harboring oriGNAI3 displays four prominent peaks at nucleotide positions 570, 1,140, 2,830 and 3,660 bp with ENDS ratio values of 1.11 (b1), 1.12 (b2), 1.16 (b3) and 1.19 (b4), respectively ( Fig. 2A) . Only one pronounced peak with an ENDS ratio of 1.18 (b5) is observed at position 1,150 bp in the 2.5 kb segment that contains oriB (Fig. 2D) . The helical parameters roll and twist angle were also analyzed. These parameters were selected for analysis given that intrinsically bent sites are known to exhibit negative Roll values, a decrease in the minor groove angle and Twist angles greater than 34. Fig. 2C ). The results reveal a curved and negative supercoiling DNA in these intrinsically bent DNA regions that are located upstream and downstream of oriGNAI3.
The 2.5 kb segment featured presents with a strong negative roll value of −1.1 (Fig. 2E) at the b5 location and a twist angle of 34.21 o (Fig. 2F) , indicating that the DNA at this site has a strong curved, left-handed superhelical writhe just downstream of oriB.
In silico analysis suggested that the putative intrinsically bent DNA sites are present in the environment of oriGNAI3 and oriB. A mobility shift assay was performed to confirm these results.
Electrophoretic mobility shift assay confirms the presence of intrinsically bent DNA sites adjacent to IRs
Shifts of restriction fragments from the 4.4 kb and the 2.5 kb segments that respectively overlap oriGNAI3 and oriB are shown in Fig. 3A and B. Only the AvaI/BlnI 1,516 bp fragment from the 4.4 kb segment, which contains the b3 and b4 bent DNA sites, exhibited retardation of its electrophoretic mobility in polyacrylamide (PA) gels (Fig. 3A , PA gel, lane 1, white arrowhead; R-value 1.15). The 2023 bp SacI/AvaI fragment, which contains the intrinsically bent DNA b1 and b2, migrated faster through the PA gel, yielding an R-value of approximately 0.90. Such electrophoretic behavior is indicative of non-centered bent DNA sites (5, 18). Indeed, the b1 and b2 sites lie in the initial third part of the fragment. None of the fragments stemming from the PstI/AvaI digestion (lane 2) showed strong retardation or faster migration. The 2D modeling analysis suggested that straight or curved fragments with segments in inverted orientation are responsible for the results (see Fig. 4A ).
All fragments from the 2.5 kb region, which contains oriB, migrated quickly through the gel (Fig. 3B , PA gel, lanes 1 and 2, white arrowhead; R-values 0.84 and 0.83). The observed increase in mobility indicates the presence of bent DNA sites in one or both extremities (5, 18). Taking into account the position of restriction sites in the region, site b5 was difficult to centralize in a fragment and was instead assayed by circular permutation. The supplementary Fig. 1A shows detailed analysis of the oriB fragment by circular permutation. A 320 bp fragment (position 1,072 to 1,391 bp) containing the b5 site was amplified and cloned into the pBendBlue polylinker plasmid (19). The recombinant plasmid pBendBlue yields a 454 bp fragment, which comprises the 320 bp fragment, 13 bp from the pTZ plasmid which was derived from a previous cloning strategy and 121 bp from the pBendBlue polylinker. The plasmid was serially digested with BglII, XhoI, PvuII, NruI and KpnI restriction enzymes. The fragment containing oriB has an AT rich S/MAR region, making it difficult to amplify a fragment
